Introduction {#S0001}
============

An aging population and the need to drive in order to maintain independence and social inclusion[@CIT0001] has led to an increase in the number of older drivers on our roads.[@CIT0002] In Australia, the road crash fatality rate is higher for drivers aged 75+ years (over 10 per 100,000 population in 2013), compared to other age groups (approximately 6 per 100,000 population).[@CIT0002] As the proportion of Australian adults aged 65+ years is expected to reach 22% within the next forty years,[@CIT0003] the safety of older drivers is becoming increasingly important.

Driving is a complex task and cognitive conditions such as mild cognitive impairment (MCI) may affect the ability to drive safely.[@CIT0004] MCI is the stage between normal cognitive aging and dementia where cognitive decline has not reached the threshold for a diagnosis of dementia.[@CIT0005] While many drivers with MCI may be able to safely operate a motor vehicle for an extended period, even small declines in cognition may impact on driving performance and crash risk.[@CIT0004],[@CIT0006] For example, drivers with MCI may exhibit poorer driving abilities in terms of lane control, speed management and gap judgment than drivers with no cognitive impairment.[@CIT0007],[@CIT0008]

Driver self-regulation can be defined as situations when drivers modify their driving behavior to avoid challenging situations.[@CIT0009] Although self-regulation practices can be used by any driver, they are most commonly observed in older drivers, due to an increase in the number of age-related impairments.[@CIT0010] Driver self-regulation is an important road safety strategy for older drivers. When drivers can recognize their declining abilities and avoid driving situations they find difficult, it may allow them to keep driving safely for longer, as well as reduce crash involvement.[@CIT0011]--[@CIT0013] Examples of situations where drivers may self-regulate include reducing the number of kilometers traveled, driving only in familiar areas, and eliminating driving in more difficult situations, such as at night.[@CIT0014] However, there is concern that a lack of insight associated with MCI may reduce a driver's capacity to self-regulate their driving accordingly.[@CIT0015]

A systematic review consisting of 12 studies found strong evidence that older drivers with cognitive impairment engage in self-regulation by either reducing their driving or avoiding certain situations.[@CIT0016] A number of studies, predominantly with small sample sizes, have specifically examined MCI and driving self-regulation. These studies consistently reported lower driving frequency or self-reported driving avoidance among those with cognitive impairment compared to normal controls.[@CIT0013],[@CIT0017]--[@CIT0020]

Less is known, however, about driver self-regulation practices in specific driving situations that a person with MCI may find difficult. A small study in the United States (US) on 40 older drivers with clinical MCI reported that they avoided driving in unfamiliar areas and on high traffic roads significantly more than drivers without any cognitive impairment.[@CIT0013] A large Danish study (n=840) also reported that lower functioning participants were significantly more likely to avoid certain driving situations.[@CIT0020] These included slippery conditions, driving in the dark, long trips, dense traffic, overtaking, unfamiliar areas, areas with cyclists, and intersections with no traffic lights.[@CIT0020] It should be noted however that this study differentiated participants' cognitive status based on self-reported cognitive problems, rather than a cognitive assessment or screening.[@CIT0020] This early evidence suggests that older drivers with MCI may avoid more complex driving situations. A large study examining older drivers by their self-regulation status as well as the specific driving situations in which they self-regulate would add valuable information to the body of knowledge. Therefore, this study aimed to assess the impact of cognitive, socio-demographic and driving-related characteristics on self-regulation practices in older drivers with MCI (determined by the Telephone Cognitive Screen (T-CogS) score) compared with drivers with no cognitive impairment.

Methods {#S0002}
=======

Study Design {#S0002-S2001}
------------

A cross-sectional study was undertaken of current drivers with and without MCI who were aged 65+. This study is part of a larger prospective cohort study examining the association between cognitive ability and driving outcomes. Ethics Committee approval was obtained from The University of Western Australia Human Ethics Committee \#RA/4/20/5126.

Sample {#S0002-S2002}
------

Potential participants were identified from a WA database of all older drivers and randomly selected to be contacted by one of fourteen trained interviewers from the Survey Research Centre, located at Edith Cowan University. They were contacted between 9AM and 9PM, Monday to Friday, from November 2018 to February 2019. As the study aimed to recruit both drivers with MCI and with no cognitive impairment, participants living in seven local government areas were targeted, as there is a higher prevalence of people with cognitive impairment and dementia living in these locations.[@CIT0021] Inclusion criteria stipulated that participants were aged 65+ years, had a current WA driver's license, drove a minimum of twice a week, and lived in the Perth metropolitan area. Exclusion criteria were: a diagnosis of Parkinson's disease, severe hearing loss, or did not speak English.

The Telephone Cognitive Screen (T-CogS) was used to determine the cognitive status of drivers, which was administered over the phone. The 26 item T-CogS was developed by Newkirk et al (2004) and is a telephone version of Folstein's Mini-Mental State Examination (MMSE) which measures cognitive function.[@CIT0022],[@CIT0023] It includes tests of orientation, attention, memory and language. It has been validated against the MMSE in a group of patients with Alzheimer's disease with a correlation of 0.88.[@CIT0022] MCI was defined as a score of 21 to 24 in the T-CogS, and normal cognition was a score of 25 or 26.[@CIT0022],[@CIT0024] Participants who scored ≤20 were excluded from the study. It is important to note that in this study the categorization of participants as having MCI was based on their score on the T-CogS. This categorization does not infer that participants have clinically defined MCI, which can be diagnosed using the Peterson/Mayo criteria.[@CIT0005]

Sample Size Calculation {#S0002-S2003}
-----------------------

It was conservatively estimated that if 35% of drivers with MCI self-regulate their driving in at least one driving situation, then a sample of 365 drivers with MCI and 550 drivers with no cognitive impairment would have 90% power to detect a difference in the proportion of drivers who self-regulated in at least one situation at a significance level α=0.05.

Data Collection {#S0002-S2004}
---------------

Before any information was collected informed consent was obtained from each participant. Participation was voluntary and individuals were told that they could withdraw from the study at any time during the interview. A structured telephone questionnaire was administered which took approximately 25 minutes. Information on age, gender, marital status, highest education achieved, living arrangements, comorbidities, and prescription medication was obtained. Participants self-reported their diagnosed comorbidities and any prescription medications they were taking. Information related to driving license, car ownership, number of crashes and infringements they had received in the past year was also obtained.

Self-Reported Driver Self-Regulation {#S0002-S2005}
------------------------------------

Questions on driver self-regulation behavior were collected from a driving questionnaire, which was validated on a Western Australian population.[@CIT0025] Self-regulation status was determined by whether a participant had or had not driven in at least one of the following driving situations in the past three months: "driving when it is raining", "driving alone", "parallel parking", "making turns across oncoming traffic", \'\'driving on highways or freeways\'\', "driving on heavy traffic roads", "driving in peak hour traffic", "driving at night" and "driving at night in the rain". If a participant self-reported that they had not driven in at least one of the driving situations, they were considered to be a "self-regulator". If a participant responded that they had driven in all the driving situations, they were considered a "non self-regulator".[@CIT0015],[@CIT0026] The total number of driving situations that a participant reported self-regulating in was also determined.

Statistical Analysis {#S0002-S2006}
--------------------

Descriptive statistics were used to summarize all variables of interest. Chi-square tests were used to test for differences in self-regulation practices between those with MCI and those with no cognitive impairment in the nine driving situations.

The outcome of interest was self-reported self-regulation in at least one driving situation (yes/no). A multivariate logistic regression model was undertaken to examine the association between cognitive status (MCI/no cognitive impairment), socio-demographic characteristics (age, gender, highest education achieved, living arrangement, comorbidities and prescription medications), driving characteristics and self-regulation status. Interactions between cognitive status/gender, and cognitive status/age group were tested, however, neither interaction was significant and they were not included in the final logistic regression model. All statistical analyses were undertaken using SAS 9.4.

Results {#S0003}
=======

Socio-Demographic Characteristics {#S0003-S2001}
---------------------------------

The interviewers contacted 2525 participants. Of these participants, 1175 were ineligible with 1077 (93.9%) under 65 years of age, 48 (4.2%) were too ill, 22 (1.9%) did not speak English, and 28 participants scored ≤20 on the T-CogS. Of the remaining 1350 participants, 377 refused to participate in the study with a final sample of 973 eligible participants. This represented a response rate of 72.1%.

Overall, 362 drivers with MCI and 611 drivers with no cognitive impairment were recruited for the study. For drivers with no cognitive impairment the mean T-CogS score was 25.5 (SD=0.50, range=25--26) and for drivers with MCI the mean T-CogS score was 23.3 (SD=0.90, range=21--24).

[Table 1](#T0001){ref-type="table"} presents the socio-demographic and driving characteristics of drivers by self-reported driver self-regulation and cognitive status. For drivers with MCI, who self-regulated their driving, the majority were female (53.5%), ≥75 years (47.8%), in a married/de facto relationship (76.1%), had achieved higher education (51.6%), did not live alone (80.5%), had 1--3 comorbidities (58.4%), and were on prescription medications (84.1%). Compared with drivers with MCI who did not self-regulate a similar pattern was evident, however the majority in this group were male (72.1%) and between 70--74 years (54.3%).Table 1Socio-Demographic and Driving Characteristics of Older Drivers with MCI and with No Cognitive Impairment by Self-Regulation StatusMCINo Cognitive ImpairmentSelf-RegulatorNon Self-RegulatorSelf-RegulatorNon Self-RegulatorN (%)N (%)N (%)N (%)**Gender** Male105 (51.7)98 (48.3)115 (46.6)132 (53.4) Female121 (76.1)38 (23.9)234 (64.3)130 (35.7)**Age** 65--69 years51 (60.0)34 (40.0)108 (52.7)97 (47.3) 70--74 years67 (54.0)57 (46.0)135 (58.7)95 (41.3) ≥75 years108 (70.6)45 (29.4)106 (60.2)70 (39.8)**Marital status^a^** Married/De facto172 (59.1)119 (40.9)273 (56.6)209 (43.4) Single/Separated/Divorced/Widowed54 (76.1)17 (23.9)74 (58.7)52 (41.3)**Highest education achieved^a^** Primary/Secondary108 (69.7)47 (30.3)155 (62.5)93 (37.5) Higher Education115 (56.7)88 (43.3)193 (53.3)169 (46.7)**Living arrangements^a^** Not alone182 (60.3)120 (39.7)280 (56.6)215 (43.4) Alone44 (73.3)16 (26.7)68 (59.6)46 (40.4)**Number of co-morbidities** None29 (61.7)18 (38.3)32 (48.5)34 (51.5) 1--3132 (62.3)80 (37.7)232 (58.0)168 (42.0) 4+65 (63.1)38 (36.9)85 (58.6)60 (41.4)**Prescription medication** No36 (61.0)23 (39.0)72 (57.6)53 (42.4) Yes190 (62.7)113 (37.3)277 (57.0)209 (43.0)**Crashes^a^** None212 (61.3)134 (38.7)334 (57.7)245 (42.3) ≥114 (87.5)2 (12.5)14 (45.2)17 (54.8)**Traffic infringements^a^** None197 (64.0)111 (36.0)309 (57.6)227 (42.4) ≥127 (52.9)24 (47.1)40 (53.3)35 (46.7)**License restriction** No201 (63.8)114 (36.2)302 (56.4)233 (43.6) Yes25 (53.2)22 (46.8)47 (61.8)29 (38.2)[^1][^2]

The majority of drivers with no cognitive impairment who self-regulated their driving were female (67.0%), 70--74 years (38.7%), in a married/de facto relationship (78.2%), had achieved higher education (55.3%), did not live alone (80.2%), had 1--3 comorbidities (66.5%), and were on prescription medications (79.4%). These demographics were also similar for drivers with no cognitive impairment who did not self-regulate however, the majority were male (50.4%), and aged between 65--69 years (37.0%).

Driving Characteristics {#S0003-S2002}
-----------------------

Almost 88% (n=14) of drivers with MCI who were involved in at least one crash in the past year self-regulated their driving compared with only 45% (n=14) of drivers with no cognitive impairment who crashed and reported self-regulating their driving.

Of drivers with MCI who had received an infringement, the majority self-regulated their driving (52.9%, n=27). Similarly, for drivers with no cognitive impairment who had received an infringement, the majority also self-regulated their driving (53.3%, n=40).

Similar to traffic infringements, the majority of drivers with MCI (53.2%, n=25) and with no cognitive impairment (61.8%, n=47) who had license restrictions reported self-regulating their driving.

Driver Self-Regulation {#S0003-S2003}
----------------------

[Table 2](#T0002){ref-type="table"} summarizes the driving situations in which drivers with MCI and no cognitive impairment self-regulated their driving. Overall, 62.4% (n=226) of drivers with MCI and 57.1% (n=349) of drivers with no cognitive impairment self-regulated their driving in at least one situation. The average number of situations in which older drivers self-regulated their driving was 1.34 (SD=1.50) for drivers with MCI and 1.17 (SD=1.39) for drivers with no cognitive impairment. "Driving at night in the rain" (p=0.203), "parallel parking" (p=0.747), and "driving when raining" (p=0.744) were the most frequently reported situations in which both drivers with MCI and with no cognitive impairment self-regulated their driving. The only significant differences reported between drivers with MCI and no cognitive impairment was when "driving at night" (p=0.021), and "making turns across oncoming traffic" (p=0.048).Table 2Self-Regulation of Driving Situations for Drivers with MCI and with No Cognitive ImpairmentMCINo Cognitive\
Impairmentp-valueN (%)N (%)**Driving at night in the rain** Self-regulate174 (48.1)268 (43.9)0.20 Did not self-regulate188 (51.9)343 (56.1)**Parallel parking** Self-regulate76 (21.0)123 (20.1)0.74 Did not self-regulate286 (79.0)488 (79.9)**Driving when it is raining** Self-regulate67 (18.5)108 (17.7)0.74 Did not self-regulate295 (81.5)503 (82.3)**Driving during peak hour** Self-regulate50 (13.8)72 (11.8)0.35 Did not self-regulate312 (86.2)539 (88.2)**Driving at night** Self-regulate49 (13.5)54 (8.8)0.02 Did not self-regulate313 (86.5)557 (91.2)**Making turns across oncoming traffic** Self-regulate35 (9.7)38 (6.2)0.04 Did not self-regulate327 (90.3)573 (93.8)**Driving on heavy traffic roads** Self-regulate20 (5.5)25 (4.1)0.30 Did not self-regulate342 (94.5)586 (95.9)**Drive on highways or freeways** Self-regulate10 (2.8)19 (3.1)0.75 Did not self-regulate352 (97.2)592 (96.9)**Driving alone** Self-regulate3 (0.8)6 (1.0)0.80 Did not self-regulate359 (99.2)605 (99.0)[^3]

[Table 3](#T0003){ref-type="table"} presents the results from the multivariate logistic regression. The odds of self-regulating in at least one driving situation significantly increased by 39% for drivers with MCI, compared with drivers with no cognitive impairment (adjusted OR: 1.39, 95% CI=1.04--1.85, p=0.024). The odds were significantly more than double for self-regulation practices for female drivers compared with male drivers (adjusted OR=2.34, 95% CI=1.76--3.12, p=\<0.001). The odds of self-regulating in at least one situation was 58% higher for drivers aged over 75 years, compared with drivers aged between 65 and 69 years (adjusted OR=1.58, 95% CI=1.12--2.23, p=0.010). There were no driving characteristics significantly associated with driver self-regulation practices.Table 3Multivariate Logistic Regression Analysis of Driver Self-Regulation in at Least One Driving Situation for Drivers with MCI and with No Cognitive ImpairmentMultivariate Analysis^a,b^OR95% CIp-value**Cognition** No cognitive impairment1 MCI1.391.04--1.850.02**Gender** Male1 Female2.341.76--3.12\<0.001**Age** 65--69 years1 70--74 years1.120.81--1.560.48 ≥75 years1.581.12--2.230.01[^4][^5]

Discussion {#S0004}
==========

This study found that drivers with MCI were significantly more likely to adopt driver self-regulation practices compared with drivers with no cognitive impairment and is consistent with previous research.[@CIT0013],[@CIT0016],[@CIT0018],[@CIT0020] It also suggests that drivers with MCI may have recognized their cognitive limitations and adjusted their driving accordingly. Female drivers and drivers who were aged 75+ years were also more likely to self-regulate their driving, which is consistent with previous research.[@CIT0009],[@CIT0010],[@CIT0027] Earlier studies have presented several reasons for these findings including that males are more often the main driver,[@CIT0028] females enjoy driving less,[@CIT0029] and that females recognize and acknowledge a decline in their driving performance more easily than males leading to a change in driving habits.[@CIT0029] It is also possible that due to driving less when younger, females are more familiar with other modes of transport facilitating driver self-regulation.[@CIT0030]

There were similarities in the driving situations in which both drivers with MCI and no cognitive impairment reported self-regulation practices however, drivers with MCI were more likely to avoid "making turns across oncoming traffic" and "driving at night", compared with drivers with no cognitive impairment. These represent more complex driving situations. Turning across oncoming traffic involves processing information quickly and MCI may affect this ability.[@CIT0031] This was evident in a simulator study which found that the MMSE score negatively correlated with the number of collisions involving turns across oncoming traffic.[@CIT0032] Impairments in visual processing ability may also explain why drivers with MCI restrict their driving at night.[@CIT0033] Previous studies from the US and Denmark have reported that drivers with MCI avoided complex situations, including driving at night,[@CIT0020] unfamiliar areas and high density traffic.[@CIT0013],[@CIT0020] This is the first study to report self-regulation when making turns across traffic with MCI and may reflect different traffic environments and infrastructure between countries.

Although a large majority of drivers with MCI reported self-regulating their driving 36% of drivers with MCI did not self-regulate in any of the nine driving situations. For many older adults driving cessation can contribute to poorer quality of life and a lack of independence.[@CIT0034] It is possible that some drivers in our study with MCI may have been reluctant to make changes to their usual driving patterns or were not aware of their cognitive impairment and felt it was unnecessary to self-regulate. As our study only examined whether drivers had driven in certain driving situations, future research should examine the motives behind self-regulation practices.

The strength of the study include the large sample size and the use of a comparison group of older drivers with no cognitive impairment. Furthermore, potential confounders, including driving related characteristics, were controlled for in the analyses. However, drivers' cognitive status was classified using the T-CogS and is a limitation of this study. Although the T-CogS has been validated,[@CIT0022] it is not a diagnostic tool and does not test executive function.[@CIT0035] It was also not known whether participants who were classified as having MCI were aware of their impairment. The sample was a convenience sample and volunteer bias may be present as drivers more confident in their driving abilities would be more inclined to participate in the study. Information regarding self-regulation status was self-reported, which may lead to a social desirability bias. Furthermore, recall bias may be present, as participants were asked about driving situations in the past three months. Lastly, the study did not ask if the driver restricted their driving due to reasons related to loss of confidence or need and future research should examine the reasons for their driving restriction.

Conclusion {#S0005}
==========

Older drivers with MCI were more likely to self-regulate their driving, compared to drivers with no cognitive impairment, particularly in complex driving situations like driving at night and making turns across oncoming traffic. This suggests that some drivers with MCI may be able to recognize their cognitive limitations and adjust their driving accordingly. However, over one-third of drivers with MCI did not self-regulate their driving and this was more common among males. It is therefore important for health professionals to advise patients, particularly males, of the impact of mild cognitive impairment on driving ability, suitable self-regulation strategies, alternative transport options, and how to monitor their driving ability.

Further longitudinal research is needed to examine changes in self-regulation practices in drivers with MCI and whether these practices are adequate to compensate for their declining cognitive impairment. Future research should also collect objective information on self-regulation practices using in-vehicle monitoring devices.
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[^1]: **Note:** ^a^Missing information.

[^2]: **Abbreviation:** MCI, mild cognitive impairment.

[^3]: **Abbreviation:** MCI, mild cognitive impairment.

[^4]: **Notes:** ^a^Adjusted for living arrangement, co-morbidities, prescription medication, licence restrictions, crashes and traffic infringements, but were not significant in the multivariate analysis (p\>0.05). ^b^Interactions between cognitive status and gender (p=0.18), and cognitive status and age group (p=0.08) were also not significant.

[^5]: **Abbreviations:** MCI, mild cognitive impairment; OR, odds ratio; CI, confidence interval.
